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TECHNICAL MEMORANDUM X-64523
RF RADIATION HAZARDS
TO SPACE STATION PERSONNEL
INTRODUCTION
There is currently much controversy and uncertainty concerning the
possible effects on the human body of exposure to electromagnetic energy in
the microwave frequency ranges. The maximum safe level of radiation for
all-day exposure is currently accepted in the United States as 10 mNk'/cm 2.
However, there is some pressure for the adoption of a more stringent limit
on exposure levels [ fl..
The purpose of this document is not to argue what exposure level
should be allowed or what the possible biological effects might be. The pur-
pose is to examine the possible levels of RF radiation to which personnel on
the space station and similar spacecraft might be exposed. Because of the
lack of a firm design, definite calculations cannot be made at this time.
However, some typical situations that might be encountered are examined
for the possibility of radiation hazards. The radiation level to be allowed
on the space station should be a matter of much further study.
RF EXPOSURE STANDARDS
In the United States, the currently accepted permissible level of RF
radiation is 10 mW/cm 2 for continuous exposure. Higher power densities
are permitted for situations in which the time of exposure is closely con-
trolled. For power densities from 10 to 100 mW/cm 2 , the allowable time of
exposure is given by the formula [ 2]
T 6000/VW 2	 ( 1)
TABLE 1. EXAMPLES OF
ALLOWABLE EXPOSURE TIDIES
[power Density
(mW/cm 2 )
Exposure Time
(min/hr)
10 6U
15 26.7
20 15
25 9.6
30 6.7
. 10 3.7
50 2.4
where T is the allowable exposure time in minutes per hour and \V is the
power density expressed in nAV/cm 2. Examples of allowable exposure times
are given in Table 1.
The Soviet Union enforces a
much more stringent maximum of
U. U1 mW/cm 2 for all-day exposure.
For exposures of 15 to 20 minutes per
day, a power density of 1. 0 m\k /cm2
is allowed 13J.
These widely differing standards
have been one source of the controversy
that ha g arisen. Another area of con-
troversy is that of the biological
effects caused by exposure to RF
radiation. Some effects, however,
have been conclusively proven. The
excitation of atoms by microwave radiation results in the production of heat.
The depth of penetration, and therefore the depth at which heating occurs, is
dependent on the frequency of the radiation. At frequencies below 1000 MHz,
the energy penetrates into the body, and vital organs may be heated. Above
3000 MHz, the heating is near the skin, but heat may be conducted to the
deeper tissues. In the frequency band between 1000 and 3000 MHz, a com-
bination of penetration and the skin effect may occur.
There have been some alleged cases of death resulting from exposure
to very high microwave power densities. Formation of cataracts in the eyes
of both experimental animals and man has been demonstrated after exposure
for a few minutes. Some people hear a buzz when exposed to microwave
radiation; what is heard is prob phly the pulse repetition frequency. A sense
of warmth may be experienced by those exposed to microwave radiation,
especially in the frequency range from 8 to 26 GHz. Stomach distress and
nausea have occurred in cases of exposure to radar at power densities as
low as 5 to 10 n,W/cm 2. This effect usually is associated with the frequency
range from 8 to 12 GHz. There are other, more questionable effects that may
be produced by exposure to high levels of microwave radiation. Those
mentioned here, however; are sufficient to demonstrate the need for protecting
personnel from such exposure.
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POWER DENSITY CALCULATIONS
The power density at a distance R meters from a lossless isotropic
antenna is given by the formula
P. D. = Prad/4nR2
	
W/nit
	 (2)
in which Prad is the power in watts radiated from the antenna. if the
antenna is not isotropic but has a directivity D , the expression for maximum
power density becomes
P. D. max PradD/41rR2	 'w/m2
	 ( 3)
The maximum power density would exist only in the directi.-n of maximum
radiation, which is the peak of the antenna pattern. For the general case of
an antenna having both directivity and losses, the expression becomes
P. D. max = PradDrl/47r1Z2	 W/m2
where -q is the efficiency of the antenna. Since the gain of the antenna is
given by
G=Dry	 (J)
the expression for maximum power density becomes
P. D. max = PradG/4rrR2	 W/m2
	 ( 6)
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The far field of an antenna begins, by definition, at a distance It
where
R = 2d 2/X	 m2
	
(7)
In this expression, d is the largest linear dimension of the antenna 14J and
A is the wavelength of the radiation. Beyond this range, almost all of the
power exists in a mode which is propagating outward from the antenna, so
that the power density varies as i/1t 2 . At ranges in the near field, however,
not all of the power exists in this outward propagating mode. Some of the
power goes into other modes, such as the radial modes, so that tl:e outward
propagating or axial mode no longer varies as 1/R2.
Formulas and curves of axial power density for parabolic antennas
are given on pages 186 and 187 of Reference 5. The axial power densi y at a
distance 2d 2/X meters from the parabolic antenna is given there as
P. D. max = 158. 4Pk`'V/d 2	mw/cm2	 ,	 (8)
where d is the antenna diameter in feet and PkNL, is the radiated power in
kilowatts. The curve on page 187 of Reference 5 shows the axial power
density variation in the near field. It can be seen that the axial power density
in the near field can be as much as 41 times as great as the axial power
density existing at the 2d 2 /A distance.
Using these curves and the equations that have been given, some
possible radiation levels on the space station are shown in Tables 2 and 3.
For low gain antennas, equation (6) has been used to calculate power density.
For the high gain parabolic antennas, the equations and curves given in
Reference 5 have been used.
SHIELDING FROM RF RADIATION
Various materials may be used to shield personnel from RF radiation.
A thickness ^--)f 1 or 2 mils of a metal that is a good conductor will provide
4
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FABLE 2. EXAMPLES OF LOW GAIN ANTENNA
RADIATION LEVELS AT 20W POWE It
Distance from
Antenna
l ml
Maximum Power
Density
l mN%'/cm21
Case I
0 dB antenna gain (G = 1) 1 0. 159
5 0.0064
10 0.0016
50 0.00006
Case II
6 dB antenna gain (G = 4) 1 0.637
5 0.025
10 0.0064
50 0.00025
very nearly total protection from direct radiation. In the frequency range
from 1 to 12 GHz, 60 by 60 mesh screen will allow only about 1 percent of
the incident radiation to pass. Window screening (32 by 32 mesh) will pass
less than 2 percent in the same frequency range; 6. ^.5 mm mesh will pass
less than 2 percent at 1 GHz, but at 12 GHz it allows 10 percent transmission.
Glass will allow 40 to 65 percent transmission depending on frequency.
When shielding from microwave energy, one should consider the
possibility of reflected or refracted waves. The path of least attenuation
should always be considered.
CONCLUSIONS
It can be seen that a possible RF radiation hazard exists for space
station personnel exposed -:,j the main beam of high gain antennas. The
greatest hazard exists in the near field region of the high gain antennas;
where power densities may easily exceed 10 mW/cm 2. The power densities
calculated here are for power in the outwardly propagating mode only. In
the near field of an antenna, personnel would be exposed also to the power
existing in the near field modes in addition to that calculated here. Care
should be taken to keep unshielded personnel out of the main beam and the
near field of the high gain antennas.
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